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ABSTRACT
The role of tumour necrosis factor-alpha (TNF-a) in wound healing is not clear. Elevated levels of TNF-a have
been observed in fluids from chronic wounds and have been shown to decrease over time during the healing
process. Therapeutic antibodies such as infliximab can inhibit TNF-a activity. In this case series, we applied
infliximab topically to eight patients with chronic ulcers of more than 4-month durations. The ulcers had
multifactorial aetiology, with chronic venous insufficiency being the most prominent factor. All the ulcers had
failed to respond to any previous conventional treatment. Infliximab was applied repeatedly to ulcers either as
a 10 mg/ml solution and covered with an adhesive sheet or as a gel formulation (0�45, 1, or 4�5 mg/g) under
a hydrofiber dressing/adhesive sheet. Improvement was assessed by measuring the percentage of change in the
ulcer surface area. Seven of the eight patients (12 of 14 ulcers) responded to treatment with infliximab. After
4 weeks of treatment, surface area was reduced by more than 50% in 6 of the 14 treated ulcers. Within 8 weeks,
five ulcers completely healed, while another four were reduced by more than 75% in size. Chronic, therapy-
resistant leg ulcers responded well to repeated topical administration of a solution or a gel containing the TNF-a
antibody, infliximab. Randomised controlled studies should be conducted to further evaluate the effect of topical
infliximab on chronic wound healing.
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INTRODUCTION
Wound healing is a dynamic and complex

process involving interactions among soluble

cytokines, blood constituents, extracellular

matrix and cells (1). An acute wound generally

heals within 2–4 weeks in a sequence of stages,

including haemostasis/inflammation, prolifer-

ation and tissue remodelling. Biologically ac-

tive substances, such as cytokines and growth

factors, control each of these stages. A wound

is considered to be chronic if it has not healed

(epithelialised) within the expected physio-

logical healing time (2). Dissemond et al. (3)

defined a chronic wound as one that shows no

tendency to heal within 3 months despite

adequate treatment or as one that has not

healed spontaneously within 12 months.

Studies comparing the cytokine patterns of

acute and chronic wounds have shown that

certain proinflammatory cytokines are elevated

in chronic wounds. Tarnuzzer and Schultz (4)

demonstrated that the levels of tumour necrosis

factor-alpha (TNF-a) in fluid from chronic

wounds were approximately 100-fold higher

than those in fluid from mastectomy incisions.
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Moreover, it has been shown that TNF-a

upregulates matrix metalloproteinase (MMP)

production in fibroblasts, while it inhibits the

tissue inhibitor of these proteolytic enzymes

(5–7). These findings suggest that the presence

of high levels of TNF-a may inhibit wound

healing. Infliximab is a chimeric immuno-

globulin (Ig)G1 monoclonal antibody that binds

with high affinity and specificity to the soluble

and transmembrane TNF-a. Infliximab has been

shown to be effective in treating immune-

mediated inflammatory diseases such as rheuma-

toid arthritis (8–10), Crohn’s disease (11) and

ankylosing spondylitis (12,13). Infliximab is

administered intravenously for all labelled

indications. Neither topical application nor

systemic use of infliximab to treat chronic

wounds has been reported in the literature.

Here, we report a case series of patients with

chronic ulcers, who received topical infliximab

therapy because conventional therapies had

not been effective in wound healing.

MATERIALS AND METHODS
Eight patients with 14 chronic wounds (12 leg

ulcers and 2 scrotal ulcers) were treated. Six

leg ulcers (cases 4–7) were of venous origin.

Chronic venous insufficiency (CVI) was a rele-

vant aetiological factor in four other leg ulcers

of multifactorial (case 1) or unclear (case 2)

aetiology. The paraplegic patient (case 3) had

two leg ulcers due to chronic traumatisation

and a bleeding disorder. The scrotal ulcers

appear to have been possibly artificially

induced (case 8). All the wounds failed to

respond to treatment of the underlying disease

and to optimal, conventional, local wound

care, including compression therapy. The

wounds were present for more than 4 months

(range: 4 months to 30 years), and the wound

size ranged from 1 to 300 cm2. Written

informed consent was procured from all the

patients prior to treatment with infliximab.

Infliximab was applied topically either as

a solution (10 mg/ml) or as a gel formulation

(0�45, 1 or 4�5 mg/g). Ulcers that were treated

with the solution were subsequently covered

with an adhesive sheet that remained on the

wound for 24 hours. If the gel formulation was

applied, a hydrofiber dressing or a transparent

film was used to cover the ulcer for 24 hours.

The application of infliximab solution was

repeated after 3–4 weeks. The gel formulation

allowed application to be much easier to

handle and was applied either once or twice

a week. In all cases, conventional treatment

was concomitantly continued.

Improvement was assessed by measuring

the percent change (reduction) in ulcer area.

Ulcer size was calculated by measuring the

diameters of the wounds either in vivo or on

photographs.

In case 1, 24 hours after the first application

of infliximab solution, a punch biopsy was

taken from the ulcer edge. In a few cases,

punch biopsies were taken at 24 and 48 hours

and 2 weeks after the application of infliximab.

In all biopsies, direct immunofluorescence stain-

ing was performed on frozen tissue sections

after incubation with antibody CNTO 1016 (a

mouse IgG1, kappa monoclonal antibody pro-

vided by Centocor Inc., Horsham, PA), which

specifically recognises the variable region of

infliximab. CNTO 1016–infliximab complexes

in the tissue were detected using a polyclonal

rabbit anti-mouse IgG-fluorescein isothiocya-

nate (rabbit Fab#)2 from Dako (Copenhagen,

Denmark) in a 1:200 dilution.

CASE REPORTS

Case 1
An 83-year-old woman was referred to our

clinic with a 20-cm2 V-shaped ulcer, with an

exposed tendon on the right lateral calf

(Figure 1A). The ulcer had formed 16 months

prior to admission. A split skin graft was

attempted 13 months prior to admission but

was not taken. Conventional treatment, for

more than 10 months, with hydrocolloids, non

adherent dressings and low compression was

also unsuccessful. Another painful 6-cm2 ulcer

developed on the left lateral calf approximately

4 months prior to admission. Clinical signs of

CVI such as oedema, dermatosclerosis and

atrophie blanche were observed due to insuf-

ficient superficial veins. A biopsy from the

edge of the second ulcer revealed only signs of

CVI. However, several other possible aetio-

logical factors were present. The patient had a

history of diabetes, with polyneuropathy and

macroangiopathy on the left leg. Angiography

showed occlusion of the anterior and posterior

tibial artery and relevant stenosis of the fibular

artery of the left leg. On the right side, the

tibiofibular trunk was completely occluded but

with a sufficient collateralisation and an ankle

brachial index score of more than 0�8. The

Key Points
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patient also had polycythaemia vera and had

been treated with hydroxyurea for 17 months.

In order to treat the underlying disease, high

compression therapy with Unna’s boots was

initiated, and angioplasty was performed on

the left leg. Hydroxyurea, which is known for

its ulcerogenic potential, was discontinued. A

swab sample from the ulcer showed the

presence of Pseudomonas, Staphylococcus aureus

and Streptococcus, and this was treated with

topical antiseptics. All these therapeutic efforts

provided no improvement.

Infliximab was initially applied on the right

leg ulcer as a solution (10 mg/ml) under an

adhesive film dressing, which remained in

place on the wound for 24 hours. Local wound

care and compression were continued after

treatment with infliximab. Within 3 weeks, ap-

proximately one-quarter of the wound reepi-

thelialised (Figure 1B). A second application of

infliximab solution was on the right leg ulcer at

week 3. In addition, infliximab solution was

applied on the left leg ulcer, which closed

completely within 8 weeks. The more chronic

ulcer on the right leg achieved a nearly 90%

reduction in wound area within 12 weeks

(Figure 1C). The patient received a third

application of infliximab solution on the right

leg at week 13. Despite alternative efforts

including transplantations, a complete clos-

ure of this ulcer was not achieved, and after 1

year, the wound size remained stable at less

than 2 cm2.

Case 2
A 72-year-old woman had large chronic ulcers

of unclear origin on both legs for approxi-

mately 18 months. CVI was an aetiological

factor; however, allergic contact dermatitis

from substances used for local treatment

appeared to be a significant contributing factor

to an eczematous inflammatory process on

both shins. Acute deep thrombosis in both legs

was diagnosed shortly after referral to our

clinic. Anticoagulation therapy was initiated,

which led to bleeding in the granulation

tissue and impaired healing. Both compression

therapy and alginate dressings were ineffec-

tive, and new erosions occurred in the in-

flamed skin surrounding the ulcers. Histology

results demonstrated signs of CVI, although

no other underlying diseases were identified.

Infliximab was initially applied as a gel

(4�5 mg/g) to the circumferential superficial

ulcers and erosions of the left leg (initial size

of approximately 200 cm2; Figure 2A). The gel

was covered with a hydrofiber dressing for

24 hours, and conventional local treatment

was continued thereafter. The surface area of

the ulcer was reduced by approximately

50% within 1 week. Infliximab gel was applied

again at week 2. By week 3, approximately

75% of the ulcer surface area had healed

(Figure 2B). The superficial ulcer on the right

leg (covering approximately 50 cm2) healed

completely within 3 weeks after a single

application of infliximab gel.

Seven weeks after the initial referral, the

patient presented with new erosions covering

the circumference of the left calf (approxi-

mately 300 cm2) and the dorsal aspect of the

Figure 1. Case 1: (A) ulcer before treatment with infliximab

solution, (B) ulcer 3 weeks after first application of infliximab

solution, (C) ulcer 12 weeks after first infliximab application

(3 weeks after second application of solution).
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right calf (approximately 60 cm2). Infliximab

gel (1 mg/g for 24 hours with a hydrofiber

dressing) was applied twice a week. After 8

weeks of treatment, the right leg ulcer was

completely closed. The left leg ulcers were 95%

closed (of the initial erosive area of 300 cm2)

after 12 weeks.

However, while the ulcerations showed

a rapid wound closure after application of

infliximab gel, new erosions developed around

the treated lesions, with the initial aspect of

large subepidermal pustules. New histology

data demonstrated neutrophil dermatosis

with formation of subepidermal pustules. We

strongly suggest that this patient suffered from

a disseminated superficial form of pyoderma

gangrenosum. Topical treatment with inflixi-

mab proved to be beneficial for the ulcers but

did not result in complete healing. A treatment

with systemic steroids was initiated (pred-

nisone 0�5 mg/kg daily). Five months post-

steroid treatment, all the ulcers were closed

and no new pustules observed.

Case 3
A 50-year-old paraplegic man had small ulcers

(2–3 cm2) on both lateral malleoli for approxi-

mately 4 years. Repeated trauma was respon-

sible for the tissue injury, and a congenital

factor VII deficiency led to instant bleeding.

Dependency oedema impaired wound heal-

ing. Mild compression therapy was initiated,

but the ulcers were refractory to treatment.

Apligraf� (Organogenesis Inc., Canton, MA)

transplantation was unsuccessful. A full-thick-

ness skin graft was not taken on both legs, and

suction blister transplantations led only to

partial, temporary success, with ulcers of 1

cm2 persisting for 12 weeks.

Infliximab was initially applied as a solution

(10 mg/ml) under an adhesive sheet for 24

hours, and conventional local treatment was

continued thereafter. After 3 weeks, the ulcer

on the left lateral malleolus was reduced by

more than 80%. Infliximab gel (4�5 mg/g) was

applied at week 4, and the ulcer was com-

pletely closed by week 8. With the identical

treatment, the ulcer on the right malleolus

showed a similar tendency for healing. How-

ever, after repeated traumatisation of the right

malleolus, the ulcer increased to 3 cm2. Three

weeks of ambulatory, vacuum-assisted, closure

therapy did not result in improvement. After

an additional 16 weeks of treatment with

infliximab gel (1 mg/g twice a week), the

ulcer was reduced to 0�8 cm2.

Case 4
An 87-year-old woman had a large venous

ulcer for approximately 10 years, which en-

compassed the full circumference of the left

shin. A split skin graft, which was transplanted

3 months prior to admission, was not taken.

The wound worsened due to insufficient com-

pression treatment and bacterial infection. In

our institution, treatment with systemic anti-

biotics and high compression therapy was

initiated, leading to a granulating wound

bed. After failure of a split skin transplant, the

patient refused additional surgical treatment.

Infliximab gel of different concentrations

(0�45 and 4�5 mg/g for 24 hours under a

hydrofiber dressing) was applied at weeks 0, 1

and 3 on the medial aspect of the calf (initial

size of approximately 120 cm2). By week 12,

75% of the ulcer was epithelialised. During

the same treatment period, Allox� (EpiSource/

IsoTis SA, Lausanne, Switzerland) (a mixture

of growth-factor-producing fibroblasts and

keratinocytes in a fibrin spray) was applied

on the other side of the ulcer. After another 6

months, the ulcer completely closed by using

high compression therapy and hydrofiber

dressings.

Figure 2. Case 2: (A) ulcerative lesions before treatment with

infliximab gel, (B) ulcer 3 weeks after infliximab (two appli-

cations of the gel).
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by using high compression therapy
and hydrofibre dressings
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Case 5
An 81-year-old woman had venous ulcers on

the medial and lateral malleolus of the right leg

for approximately 1 year. Suction blister trans-

plantation 7 months prior to admission had

only led to a partial closure of the medial ulcer.

Despite high compression therapy and sys-

temic antibiotics, the ulcer did not improve.

Infliximab was applied as solution (10 mg/

ml), with an adhesive sheet for 24 hours on

both ulcers, and conventional local therapy

was continued. At weeks 4 and 5, infliximab

gel (0�45 and 4�5 mg/g, respectively) was

applied on the wound and remained in place

for 24 hours. The smaller ulcer (initial size of

7 cm2) on the medial side of the leg showed

a reduction of more than 50% within 8 weeks.

The larger ulcer (initial size of 17 cm2) on the

lateral malleolus showed a slight reduction in

size after 4 weeks. However, bacterial overload

(Pseudomonas) after another 2 weeks impaired

wound healing. The patient was hospitalised

and treated with intravenous systemic anti-

biotics. Mesh grafts were transplanted on the

remaining wounds, which led to complete

closure within 12 weeks.

Case 6
An 86-year-old man presented with venous

ulcer on the left medial malleolus existing for

approximately 30 years. The patient refused

surgical treatment. No local treatment im-

proved healing, and Epidex� (Euroderm

GmbH, Leipzig, Germany) transplantation was

only partially successful. Infliximab solution

(10 mg/ml) was initially applied on the ulcer

(initial size of 13 cm2) with an adhesive sheet

that remained in place for 24 hours. Infliximab

gel was applied at week 4 (0�45 mg/g) and

week 5 (4�5 mg/g). No change in ulcer aspect

or ulcer area was observed after 8 weeks.

Case 7
A 77-year-old woman had been treated in our

wound care outpatient unit for venous ulcers

on both medial malleoli for approximately

4 years. Forty years prior to admission, the

patient had recurrent phlebothrombosis in

both legs. Since that time, the patient was

receiving oral anticoagulation therapy with

phenprocoumon. Ulcers occurred on the right

medial malleolus shortly after the first throm-

bosis and then appeared on the left medial

malleolus approximately 10 years later. Split

skin transplantations were performed in the

right leg 6 and 2 years prior to admission but

were unsuccessful, and the ulcer never closed

completely. In the year prior to admission,

a 16-cm2 ulcer developed and persisted in spite

of various local treatments. Infliximab gel,

1 mg/g, with a hydrofiber dressing held in

place for 24 hours and administered once a

week, was initiated while established local

therapy continued. After 8 weeks, the wound

reduced in size and a strong edge effect was

observed. In the meantime, a additional 14-cm2

ulceration developed on the left malleolus in an

area of inflamed atrophy blanche. The patient

was admitted to the hospital, and infliximab gel

(1 mg/g) was applied to both ulcers twice

a week. After 8 weeks, the ulcer on the right leg

decreased by more than 75%, while the ulcer on

the left leg decreased by more than 85%.

Case 8
A 73-year-old man had pruritus of unknown

origin for more than a year. Itching was most

intense in the genital region, where continuous

scratching had led to ulcers on both sides of

the scrotum. Microbiological examinations,

histology and serology were negative for an

infectious or Behcxets disease. Local wound care

with mupirocin cream and hydrocolloid dress-

ings did not improve healing. Infliximab gel

was applied to the deeper ulcer (initial size of

5 cm2) on the left side of the scrotum twice

a week with an adhesive film sheet for 24

hours. The ulcer completely healed within 4

weeks. The ulcer on the right side of the

scrotum (initial size of 9 cm2) was initially

treated with silver-coated hydrofiber but did

not heal. Because of the favourable outcome of

the ulcer on the left side, infliximab gel was

applied twice weekly, in the same manner, to

the ulcer on the right side, which then healed

within 2 weeks.

RESULTS
Five of the 14 therapy-resistant ulcers com-

pletely healed within 4–8 weeks (as shown in

Table 1). Four of the remaining ulcers showed

at least a 75% reduction in size within 8 weeks.

Two other ulcers showed no reduction in

wound size after 8 weeks, but only one failed

to show any observable reaction to treatment.

All the patients tolerated the treatment well,

with no reported systemic or local side effects.

Key Points
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passed the full circumference of
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• a split skin graft, which was trans-
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was not taken
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on the medial aspect of the calf
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epithelialised. After another 6
months, the ulcer completely closed
by using high compression therapy
and hydrofibre dressings
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Localisation of infliximab antibody at the sites

of wound closing, verified via direct immuno-

fluorescence staining of skin biopsies (patients 1

and 4), resulted in a positive reaction to

antibody complexes between the infliximab-

specific monoclonal antibody CNTO 1016 and

the infliximab, in the upper layers of the treated

wound bed, in the wall of dermal vessels

(Figure 3A) and along the basal membrane of

the epidermis (Figure 3B).

DISCUSSION
TNF-a is produced by macrophages during

the normal inflammatory process and in

response to tissue injury. TNF-a induces

macrophages to produce interleukin (IL)-1,

which is mitogenic for fibroblasts (4). Both

TNF-a and IL-1 upregulate the production of

MMP (4–14). The family of these zinc-depen-

dent proteases includes collagenases, gelati-

nases and stromelysins (14), which are

responsible for degrading the extracellular

matrix in the remodelling process, improving

the tensile strength of the repaired tissue.

While TNF-a stimulates production of MMPs,

it suppresses expression of the natural inhib-

itor of these proteases, the tissue inhibitor of

metalloproteinases (TIMP) (5,7).

The in vivo and in vitro data on the role of

TNF-a in wound healing have been controver-

sial. Mooney et al. (15) reported that local

application of TNF-a increased disruption

strength in incisional wounds and eventually

accelerated wound healing in rats. In contrast,

Rapala et al. (16) and Salomon et al. (17) re-

ported that local application of TNF-a solution

impaired wound healing. Impairment of

wound healing was also found after inocula-

tion of TNF-a-producing hamster ovary cells

in mice (18). Overproduction of TNF-a has

been associated with chronic wounds (4), and

levels of TNF-a, IL-1 and IL-6 decreased when

the wound began to heal. Furthermore, MMPs

have been shown to have higher activity in

chronic wounds than in acute wounds (19).

Conversely, TIMP, the natural inhibitors of

MMPs, are diminished in chronic wounds.

Since TNF-a upregulates MMP production in

fibroblasts and inhibits the expression of TIMP,

it may be possible that elevated TNF-a levels

in chronic wounds lead to uncontrolled MMP

activity.

TNF-a is also involved in angiogenesis,

which is indispensable in the formation of

granulation tissue during the proliferative

phase of wound healing. Mori et al. (20)

examined the biological role of tumour necro-

sis factor (TNF) receptor p55 (TNF-Rp55) in

wounds of TNF-Rp55-deficient mice. These

mice showed enhanced angiogenesis and

collagen accumulation along with reduced

infiltration of neutrophils and macrophages

compared with wild-type mice. Wound heal-

ing was accelerated in TNF-Rp55�/� mice

than in wild-type mice. The lack of TNF-Rp55

may enhance gene expression of fibrogenic

factors and vascular endothelial growth factor

receptors in skin wounds, thereby promoting

angiogenesis and collagen accumulation.

TNF-a is also known to be involved in apo-

ptotic processes in inflammatory cutaneous dis-

eases via activation of Nuclear Factor Kappa B

(NFkB) (21). In normal wound healing, apopto-

sis is responsible for removal of inflammatory

cells and evolution of granulation tissue into

scar. Dysregulation in apoptosis could lead to

abnormal wound healing (22).

Figure 3. Case 1: (A) positive reaction to mouse anti-

infliximab antibody deposits around dermal vessel in direct

immunofluorescence staining, indicating infliximab presence in

the ulcer tissue, (B) positive reaction along basal membrane,

indicating infliximab in the tissue.

Key Points

• TNF-a is produced by macro-
phages during the normal
inflammatory process and in
response to tissue injury

• the family of these zinc depen-
dent proteases includes collage-
nases, gelatinases and
stromelysins which are respon-
sible for degrading the extracel-
lular matrix in the remodelling
process, improving the tensile
strength of the repaired tissue

• Since TNF-a upregulates MMP
production in fibroblasts and
inhibits the expression of TIMP,
it may be possible that elevated

• TNF-a levels in chronic wounds
lead to uncontrolled MMP
activity
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To investigate whether the activity of TNF-a

is likely to contribute to delayed healing,

Wallace and Stacey assessed immunoreactive

versus bioactive TNF-a levels in chronic

venous leg ulcers (23). Even though the levels

of immunoreactive TNF-a were significantly

higher in wound fluid from non healing ulcers

than in wound fluid from healing ulcers, the

levels of bioactive TNF-a were not signifi-

cantly different between the healing phases.

The investigators concluded that TNF-a-medi-

ated events do not seem to be key events

contributing to impaired healing in chronic

ulcers.

Table 1 Results of the treatment

Case

number Ulcer location Infliximab application

Ulcer size (cm2)

Adverse

reactions

Week

0

Week

1

Week

2

Week

3

Week

6

Week

8

Week

12

1 Right lateral calf 3 ml of 10 mg/ml

solution at weeks 0,

3 and 13

20 19 16 13�5 5 3�2 2 None

Left lateral calf 1 ml of 10 mg/ml

solution at weeks

0 and 3

6 3 2�5 1�8 0�1 0 0 None

2 Semi-circular

ulcer on left calf

4�5 mg/g gel at

weeks 0 and 2

200 100 60 40 Relapse None

Right dorsal calf 4�5 mg/g gel at week 0 50 20 2 0 Relapse None

Circular ulcer on left

calf (second ulcer)

1 mg/g gel twice a week 300 280 220 160 50 20 10 None

Right dorsal calf

(second ulcer)

1 mg/g gel twice a week 60 70 70 50 8 0 0 None

3 Left lateral malleolus 0�5 ml of 10 mg/ml

solution at week 0 and

4�5 mg/g gel at week 4

1 0�7 0�3 0�175 NA 0 0 None

Right lateral malleolus 0�5 ml of 10 mg/ml

solution at week 0 and

4�5 mg/g gel at week 4

1 0�7 0�3 0�175 NA 0�2 0�8 None

4 Left shin full

circumference

One side of ulcer treated

with 0�45 mg/g gel at

weeks 0 and 3 and

4�5 mg/g gel at week 1

120 120 100 80 NA 60 30 None

5 Right lateral malleolus 2 ml of 10 mg/ml solution

at week 0, 0�45 mg/g

gel at week 4 and

4�5 mg/g gel at week 5

17 17 15 15 16 16 18 None

Right medial malleolus 2 ml of 10 mg/ml solution

at week 0, 0�45 mg/g gel

at week 4 and 4�5 mg/g

gel at week 5

7 5 4 4 4 3 2�6 None

6 Left medial malleolus 2 ml of 10 mg/ml solution

at week 0, 0�45 mg/g gel

at week 4 and 4�5 mg/g

gel at week 5

13 13 13 13 12 12 12 None

7 Right medial malleolus 1 mg/g gel once weekly

until week 12 and twice

weekly after week 12

16 16 NA 14 12 12 10 None

Left medial malleolus 1 mg/g gel twice weekly 10 10 8 5 3 1�5 0�3 None

8 Left side of scrotum 1 mg/g gel twice weekly 5 2 1 0�5 0 None

Right side of scrotum 1 mg/g gel twice weekly 9 5 0 0 0 None

NA, not applicable.
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Despite the conflicting results concerning the

role of TNF-a in wound healing, the clinical

data in this case series appear to suggest that

the topical application of the TNF-a antibody,

infliximab, had a beneficial impact on wound

healing. We provide the first clinical evidence

that wound healing may be improved by

inhibition of TNF-a, an observation that has

already been confirmed in animals by Regan

et al., who observed the beneficial effects of

rabbit anti-TNF-a serum in murine skin

wounds (24). Although the mode of action is

not yet clear, we hypothesise that inhibition of

TNF-a diminishes the expression of MMPs

and may promote angiogenesis and/or affect

apoptosis of inflammatory cells.

Furthermore, the results from our cases

suggest that different modes of topical appli-

cation of infliximab (e.g. solution or gel)

appear to be equivalent in clinical effective-

ness. We found evidence of infliximab presence

in the tissue, by immunostaining, irrespective

of the mode of application. Infliximab was

found along the basal membrane of the epider-

mis and in the vessel walls from skin biopsies

of ulcers in treated patients. This pattern of

distribution requires further investigation.

For practical application purposes, the gel

was easier to handle, particularly in an out-

patient wound care facility. Some patients

showed a dramatic positive response to inflix-

imab treatment and an acceleration of wound

closure after just one application. However,

repeated application of infliximab in most

patients resulted in the best clinical response.

We observed good results when the gel,

applied twice a week, remained on the wound

for 24 hours and was covered by an adhesive

sheet (Tegaderm�, 3M, St Paul, MN). How-

ever, the optimal dosing scheme needs to be

determined.

Topical application of infliximab as solution

or as gel was well tolerated by the patients; no

systemic or local side effects were observed. As

expected, the topical application of infliximab

showed no systemic side effects, while it

rapidly and effectively delivered the antibody

into the wound. Interestingly, infliximab appli-

cation did not affect the bacterial burden of

the ulcers. A bacterial imbalancewas diagnosed

in 10 of the 14 ulcers and was treated with

local antiseptics or systemic antibiotics before

infliximab treatment was initiated. Even after

repeated application of infliximab, we did not

observe a higher rate of bacterial burden. One

exception was noted in case 5 where infliximab

was applied to an ulcer that was previously

colonisedwithPseudomonas.After treatmentwith

infliximab, Pseudomonas was again identified.

In conclusion, preliminary data indicate that

the topical administration of infliximab on

therapy refractory wounds is safe and effec-

tive. Further investigation is necessary to dem-

onstrate how the cytokine pattern in chronic

wounds is altered by the inhibition of TNF-a.

In addition, randomised controlled studies are

needed to determine the safety and efficacy of

topical infliximab treatment of chronic wounds.
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